Background: Sexually transmitted infection (STI) rates are increasing in the United States while funding for prevention and treatment programs has declined. Sample self-collection for STI testing in men may provide an acceptable, easy, rapid, and potentially cost-effective method for increasing diagnosis and treatment of STIs.
R eportable cases of sexually transmitted infections (STIs) have been rising in the United States, with an increase in the incidence of the 3 most common STIs-chlamydia, gonorrhea, and syphilisbetween 2014 and 2015. 1 At the same time that STI transmission has been increasing, funding for STI prevention and treatment programs has been declining. This has resulted in a reduction in the number of clinics involved in STI diagnosis and treatment. 1 Methods of specimen collection that are easy with a rapid turnaround time and low cost are needed to scale up identification and treatment of STIs.
Self-collection of biological specimens for STI testing offers potential screening benefits. These include greater participant ease with the collection process and the possibility of sample collection outside traditional clinical settings. A meta-analysis comparing women performing home-based, self-collected sample acquisition and women undergoing clinic-based sampling for STI screening showed greater rates of screening in the home-based collection group. 2 Several studies involving women obtaining selfcollected vaginal swabs have shown high acceptability of this collection method and validity of detection of chlamydia using polymerase chain reaction amplification. [3] [4] [5] [6] Most of the initial studies involving self-collection focused on women as participants; however, evaluation of self-collection for STI screening for men would be useful because they are also adversely affected by a high burden of STIs. In particular, younger men and men who have sex with men (MSM) are at an elevated risk for STIs. Among men aged 20 to 24 years, rates of chlamydia and gonorrhea increased by 12.2% and 22.9%, respectively, between 2011 and 2015. 7 The rise of resistant strains of gonorrhea has also been of special concern in MSM, with estimated incidence of gonorrhea among this group increasing from 1169.7 cases per 100,000 MSM in 2010 to 1474.4 cases per 100,000 MSM in 2013. 8 Incidence rates of human papillomavirus (HPV)-related anal cancer, a long-term sequela of HPV infection, have increased among HIV-positive MSM despite wide-scale implementation of antiretroviral therapy use within the United States. 9 We conducted a systematic review of studies of self-collected biological samples to better understand their potential use for detection of STIs in adult men. Our main goals were to understand the use of self-collected samples for STI testing in men (of all sexual identities), the adequacy of self-collected samples, the validity of self-collected samples compared with clinician-collected samples, and the acceptability of the self-collection process.
METHODS
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines were followed for this literature review. 10 Identification and abstraction of articles involved the use of 4 electronic bibliographic databases: MEDLINE, EMBASE, CINAHL, and the Cochrane Central Register of Controlled Trials.
Eligibility Criteria
Articles referenced for this study included abstracts and full-text articles published in peer-reviewed journals. Review articles and editorials were omitted from the analysis. Articles were included based on presentation of original research whose methodology involved the use of self-collection techniques to obtain samples for testing for STIs in men 18 years and older. We focused specifically on self-collection involving swabs of oral, genital, and/or anal sites. Studies that only had men self-collect urine samples were excluded from this analysis.
Search Strategy
Databases were queried from January 2000 to August 2017. Both standardized medical subject heading (MeSH) terms and free-text terms were used to identify articles of interest in all databases. A list of search terms was determined in advance for common usage among all electronic databases investigated. Iterations of "self-collect," "screen," "sexually transmitted diseases," and "sexually transmitted infections" were searched. In addition, specific MeSH terms, including "self care," "mass screening," "sexually transmitted diseases," and "sexual behavior" were searched in databases using MeSH terms. Equivalent phrases were searched in EMBASE because this database uses its own Emtree terms. Where feasible, additional restrictions were used to include articles published only in English that included male participants 18 years and older.
Data Collection
All abstracts generated by individual searches were screened to determine whether they merited eligibility screening for study inclusion. Full-text versions of articles meeting study inclusion criteria based on their abstracts were then obtained. The full-text articles underwent assessment of their eligibility to be included in the qualitative analysis by 3 reviewers as described in the next section. References not meeting inclusion criteria were quantified to calculate the number of articles excluded from analysis. Articles eligible for inclusion in the qualitative analysis were then recorded in a spreadsheet that consisted of the journal reference, authors, database searched, and search terms used to identify the article.
Extraction and Eligibility Process
An online eligibility form was created using Qualtrics Survey Software (Qualtrics, Provo, UT) to assess whether studies were eligible for inclusion in the systematic review. Information on the study design, geographic location of recruitment, intervention, and primary outcome was queried for each study reviewed. Information on the sex of participants involved in self-collection, whether self-collection results were specified for MSM or HIVpositive men, the types of swabs used for self-collection, and the microorganisms detected was also asked about in the eligibility form. Finally, each article was assessed for feasibility and acceptability measures related to self-collection.
Three coders independently reviewed the full-text articles for eligibility. Articles were initially double coded with article assignment randomized to each coder. Discrepancies in data abstraction for all articles were then resolved by a third coder.
RESULTS
A PRISMA flowchart showing the process of article identification, screening, and eligibility is presented in Figure 1 . Of the 1053 citations initially identified, 20 studies were found to be eligible for inclusion in the review (Table 1) . Of the 20 studies included for analysis, most were cross sectional (n = 16), with a few other study types represented, including a cohort study (n = 1), a qualitative study (n = 1), and a quasi-experimental pretest-posttest study (n = 1). One randomized trial was identified. 11 Eight studies involved the use of self-collection of swabs for HPV detection. Additional microorganisms for which self-collected swabs were obtained for STI testing included Chlamydia trachomatis (n = 11), Neisseria gonorrhoeae (n = 11), Trichomonas vaginalis (n = 5), and Mycoplasma genitalium (n = 2). One study evaluating the acceptability of self-sampling for oropharyngeal and rectal specimens did not present data about specific microorganisms for which testing was performed. 12 Table 2 lists studies for which HPV prevalence was measured for matched self-collected and clinician-collected samples. 11, 13, 14 Overall, self-collected samples showed comparable detection of HPV types to clinician-collected samples. Two studies performed by Hernandez et al. 11, 14 showed similar estimates of detection of all HPV types for participants collecting genital swabs using selfcollected and clinician-collected methods. A study by Lampinen et al. 13 showed similar estimates of detection of high-risk HPV DNA types using matched rectal swab samples, with 67% of selfcollected swabs and 62% of clinician-collected swabs found to be positive.
HPV Testing
Two studies evaluated whether self-collected swabs submitted for anal cytology were of sufficient quality to be able to generate a cytology result. One study involving collection of swabs for anal cytology did not have a clinician-collected comparison group but did find that only 62.3% of self-collected anal swabs yielded samples of sufficient quality for interpretation of cytology results by a pathologist. 20 In contrast, a study performed by Lampinen et al. 15 in 2006 reported a higher overall proportion of self-collected swabs that were of sufficient quality to yield a cytology result, which was still less than that reported for paired clinician-collected swabs (83% vs. 92%, respectively; McNemar χ 2 with P < 0.001). Unlike their ability to result in samples comparable with clinician-collected specimens for detecting HPV DNA, self-collected samples were less likely to meet the quality standards needed for interpretation of cytology to occur.
The study by Chin-Hong et al. 16 was the only one identified that compared the sensitivity and specificity of anal cytology, assessed via self-and clinician-collected anal swabs, with biopsyproven anal intraepithelial neoplasia (AIN) in MSM. Study results were reported separately for HIV-positive and HIV-negative MSM. Specificity of an abnormal anal cytology result did not significantly differ between self-collected and clinician-collected specimens for HIV-positive MSM (50% vs. 64%) or HIV-negative MSM (86% vs. 85%). However, self-collected samples were found to be less sensitive than clinician-collected samples for detection of AIN for both HIV-positive (75% vs. 90%) and HIV-negative (48% vs. 62%) MSM. 16 
Chlamydia and Gonorrhea Testing
Other sexually transmitted pathogens amenable to detection via the use of self-collected swabs in men include C. trachomatis and N. gonorrhoeae. The introduction of self-collected swab techniques into clinics has been particularly favorable for detection of chlamydia and gonorrhea at extragenital sites in particular subgroups of men (e.g., MSM). 17, 29 One study using a pretest posttest design found that combined rates of detection in MSM of extragenital chlamydia and gonorrhea increased by a factor of 4 after the introduction of self-collected swabs. 29 A significant proportion of the literature related to selfcollection for chlamydia and gonorrhea testing in men has focused on comparisons of self-collection techniques using different biological samples. Four studies compared self-collected swabs of the lower male genital tract (meatal, penile-meatal, or urethral swabs) with self-collected urine samples for detection of C. trachomatis and N. gonorrhoeae. 19, 23, 24, 30 Chernesky et al. 23 found that detection of both chlamydia (35 vs. 33) and gonorrhea (14 vs. 11) infection was slightly greater using meatal swab samples compared with urine samples, respectively, in a supervised clinic setting. This finding was replicated in a subsequent study by Chernesky et al. 30 in which the rate of detection of C. trachomatis was found to be statistically significantly higher with the use of meatal swabs compared with the use of urine samples.
A screening study conducted by Chai et al. 19 in which men accessed test kits through the Internet and mailed back homecollected urethral swabs and urine samples showed that the sensitivity of detection of C. trachomatis was higher for the penile swab samples (93%) than for the urine samples (78%). Complementing these data was a study that showed greater sensitivity of homebased self-collection of penile-meatal swabs for detection of chlamydia (94.2% sensitivity) and gonorrhea (100% sensitivity), when compared with the use of urine samples (76.7% and 88.8% sensitivities, respectively). 24 
Trichomoniasis and M. genitalium Testing
Unlike chlamydia and gonorrhea, trichomoniasis has only recently emerged as a condition for which testing in men has become feasible with the use of nucleic acid amplification test assays. Five studies evaluated the use of self-collected samples for testing for T. vaginalis infection in men. 19, 24, 25, 28, 30 A study conducted by Chai et al. 19 showed sensitivity of detection of T. vaginalis to be 82% with urethral swab collection versus only 40% with urine collection. Two studies evaluated the use of swabs involving collection at the penile meatus compared with urine collection, and both of them demonstrated higher rates of detection of T. vaginalis via the use of meatal swabs. 24, 30 Of particular note was a study conducted by Dize et al. 24 that showed a large difference in sensitivities for T. vaginalis detection between the use of self-collected penile-meatal swabs (80.4% sensitivity) and urine samples (39.3% sensitivity). A subsequent study performed by Dize et al. 28 noted a similar rate of sensitivity of T. vaginalis detection (85%) when using clinician-collected urethral swabs as a criterion standard for collection. Finally, one study examining selfcollected samples for evaluation of trichomoniasis in men did not include a comparative sample collection method for description in this context. 25 Overall, quite large differences in sensitivity for detecting T. vaginalis emerged among studies where self-collected swabs were compared with self-collected urine samples.
M. genitalium has been linked to the development of urethritis in men, although diagnostic testing for this pathogen is limited to research-use-only nucleic acid amplification tests found in a few centers globally. 31 Nevertheless, obtaining self-collected swabs for the detection of M. genitalium in men is a current area of exploration given the growing interest in the potential pathogenicity of this organism. One study using a transcription-mediated Amp-based research-use-only test noted greater detection of M. genitalium with the use of meatal swabs (15.3%) compared with first-catch urine samples (12.6%). 30 Although that study looked favorable for the ability of meatal swabs to detect M. genitalium, a study performed by Dize et al. 28 using penile-meatal swabs noted a detection sensitivity of only 79.3%. Of note, this sensitivity calculation used the assumption that clinician-collected urethral swabs were the criterion standard for detection of M. genitalium.
Feasibility and Acceptability of Swab Self-Collection
Four studies focused on the feasibility of performing selfcollection in settings outside traditional clinics. 19, 20, 27, 28 One study evaluated the prevalence of HPV infection in MSM by recruiting men from venues that included bars, bathhouses, bookstores, community organizations, and community events that targeted gay and bisexual men. Two hundred sixty-eight individuals in this study self-collected rectal swabs; of the 498 who were approached and opted not to participate, 59.1% declined because of discomfort with the self-collection method, whereas 11.4% cited discomfort with engaging in self-collection at one of the aforementioned venues. 20 In contrast, the study by Wood et al. 27 found that 100% of the first 30 participants approached to participate in a nurse-delivered outreach screening service for self-collected STI testing at a sauna agreed to the use of self-collection for chlamydia and gonorrhea screening. Regarding ease of self-collection, most participants in all studies where this aspect of feasibility was measured rated self-collected swabs as "very easy" or "easy" to use. 17, 19, 28 Several studies examined the acceptability of the selfcollection process. One study evaluated acceptability in terms of participants' willingness to perform self-collection; it found that of a subset of HIV-positive MSM, 92% opted to perform selfcollected rectal swabs as part of a sexual health screen. 26 Acceptability was also measured in terms of participant satisfaction with the self-collection process. Using this definition, one study found that 76% of men self-collecting pharyngeal swabs and 82% of men self-collecting rectal swabs found the self-collection process to be acceptable. 12 Another study found that more than 90% of surveyed participants who had undergone self-collection of rectal swabs would undergo self-collection again and would return to an STI clinic if self-collection were the standard method of testing for rectal STIs. 17 Finally, a study involving the use of a nurseled self-screening program for detection of C. trachomatis and N. gonorrhoeae found that all 21 MSM completing a patient satisfaction questionnaire about self-collected pharyngeal and rectal swabs after having obtained these samples noted self-collection to be an acceptable screening method. 21 Two studies in the review examined participants' perceptions of the use of different types of swabs for self-collection. 11, 23 Chernesky et al. 23 found that male participants thought first-catch urine sampling was easier and more comfortable than self-collection of swabs for chlamydia and gonorrhea screening. Hernandez et al. 11 compared 2 different types of dry swabs and a wet swab method for detection of HPV from male penile-meatal samples. Swabs were rubbed over the entire surface of the penis from the tip of the glans to the base of the penile shaft using the wet swab method involving application of emery paper before application of a saline-moistened swab. The study found greater comfort, less pain, and less time required for swab collection among participants using the dry swab method compared with the wet swab method.
DISCUSSION
We identified 20 studies in which self-collected swab samples were obtained from adult men with the goal to submit these for STI testing. Our review demonstrates that most studies used a cross-sectional design with small sample sizes, indicative of the relatively new emergence of this collection method for use in men. Many studies that incorporated self-collection of samples into their methods but only briefly analyzed the self-collection process itself or evaluated it as a secondary outcome were identified. For example, 9 studies that would have met criteria for inclusion in the review were excluded because no STI outcome measures from self-collected samples were examined.
Self-collected samples were generally of sufficient quality for detection of specific HPV types in comparison with cliniciancollected samples. However, the ability to yield swab samples that were of sufficient quality to generate a cytology result was less for self-collected samples compared with clinician-collected samples. 15, 18 Conducting larger studies comparing clinician collection with different self-collection practices and evaluating different methods of communicating the self-collection process to participants would be useful to further investigate whether self-collection is a reliable method for generating samples of sufficient quality to undergo cytology testing.
Self-collection of samples was found to perform as well as or better than clinician collection for STI detection in several studies detailed in this review. 13, 14, 23, 24, 28 Given concerns about underdiagnosis of STIs, self-collection has the potential to complement and expand upon current screening efforts, in part, because of greater comfort and control of the collection process, patient privacy, and the ability to collect samples at home or in other nonclinical venues. A high level of willingness to undergo self-collection was seen among male participants in several studies, consistent with findings noted for performance of self-collection in prior studies involving women. 12, 17, 21, 26 However, conflicting perceptions about the use of swabs for self-collection was observed, as evident by men's preference for collecting urine samples over swab samples in one study and the preference for use of dry swabs over wet swabs in another. 11, 22 More studies are needed to determine which attributes of different self-collection methods are associated with increased feasibility and acceptability given the potential impact of self-collection on designing successful interventions to promote STI screening.
Our systematic review has several limitations. Our search strategy focused on English-language articles and articles featuring adults. Most of the studies evaluating self-collection methods consisted of cross-sectional studies with only 1 randomized trial identified. This limitation affects the sensitivity and specificity estimates of self-collection versus clinician collection. Confounding may also affect the validity of any comparisons, although the use of paired self-and clinician-collected swabs in some studies did help to partially counteract this. Cross-sectional studies that analyzed the acceptability of self-collection may be prone to bias because participants who entered these studies may have been more inclined to support or accept self-collection methods. However, high acceptability rates seen for self-collection methods across studies are consistent with literature showing similar findings for other groups and help to bolster the notion that self-collection methods are indeed acceptable for men.
Another important limitation of this review was the heterogeneity among studies that limited our ability to pool data across studies for a meta-analysis. Sources of heterogeneity included the type of swab used, the anatomic site at which self-collection was performed, and the pathogenic microorganism targeted for detection. This heterogeneity is likely a reflection of the continued novelty of performing self-collection for STI testing. Despite these limitations, self-collection of swab samples in men has the potential to be a viable mode of STI detection given its comparable sensitivity for pathogen detection to clinician-collected samples and its high acceptability. Studies involving larger numbers of participants with robust randomization schemes, continued innovation in swab design, and communication of self-collection instructions would help to inform future protocols for health care and community organizations interested in improving STI detection and treatment rates. Innovative strategies to curb and reduce the growing burden of STIs in men remain important, and selfcollection has the potential to play a significant role in achieving the desired improvements.
